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As a continuation of a series of studies on the biochemistry of cell secretion (Junqueira, 1951; Rabinovitch et al. 1952; Femandes & Junqueira, 1953 , 1955 experiments were performed in order to obtain data on the rate at which this process occurs.
The pancreas is a convenient organ to work with, for besides actively secreting proteins its activity can be stimulated or depressed by pharmacological agents. Furthermore, up to the present time no blood proteins have to our knowledge been proved to permeate this gland and to be excreted with pancreatic juice; if this in fact occurred, however, it would complicate the interpretation of the results obtained.
We present here the results obtained by studying the rate of appearance of radioactivity in the rat pancreatic-juice proteins after intravenous injections of radioactive glycine and radioactive plasma proteins. Furthermore, the protein-bound and 'non-protein' radioactivity of blood plasma was studied during the experiments. Separation of protein-bound and non-protein radioactivity.
MATERIAL AND METHODS
In order to separate protein-bound radioactivity from radioactivity bound to smaller molecules (non-protein radioactivity) the following procedure was adopted. The planchets were immersed during 10 min. each in absolute ethanol, 0.5% collodion in ethanol-ether (1:1, by vol.), 70 % (w/v) ethanol, 30 % (w/v) ethanol and distilled water. They were then transferred to 10% (w/v) trichloroacetic acid for 3 hr. at 370 and afterwards immersed in distilled water for 12 hr. with five changes. Preliminary experiments showed thatwhen radioactive glycine is added to non-radio-18-2 active pancreatic juice and extracted as described, all the radioactivity is lost after only 2 hr. of immersion in water.
The planchets were then washed with 35 % and 70 % (wlv) ethanol, absolute ethanol and six changes of ethanol-ether (1:1 by vol.) (10 min. each) in order to dissolve the collodion, and dried at 37°.
Radioactivity in pancreatic juice after injection of radioactive plama protein8
Three rats were injected with radioactive plasma proteins prepared by ammonium sulphate precipitation of plasma obtained from oxalated blood of animals injected intravenously 6 hr. previously with 3-3 ,uc glycine per 100g. body weight. These proteins were redissolved in saline and had an average activity of 494 counts/mg. protein. Each animal received the equivalent of 4 ml. plasma.
The pancreatic juice was collected and assayed for radioactivity from animals stimulated by secretin and carbamoylcholine as described above.
Radioactivity of the pk*ama of anima8l injected uith glycine
In six of the animals used for the pancreatic-juice experiments blood was collected hourly in oxalated tubes and 10pl. samples of plasma were assayed for free and protein-bound radioactivity as described for the pancreatic juice.
In three other animals blood was collected at short intervals soon after the glycine injection, in order to study the rate of disappearance of the non-protein radioactivity.
RESULTS
Incorporation of radioactivity into the pancreatic-juic-e proteins The results obtained are presented in Table 1 and the curve of Fig. 1 represents the average result of 141 samples obtained from nine animals. It may be seen that the maximum radioactivity is attained 21 hr. after injection of [14C]glycine. Appreciable radioactivity appears in the pancreatic-juice protein only 50 min. after the injection. Fig. 1 also shows the rate of pancreatic-juice production under our experimental conditions. Although these and other results related to the physiology of the rat pancreas are to be published later, this curve is presented here in order to stress the point that maximum radioactivity appears only almost 3 hr. after glycine injection, although the action of the first injection of secretin and carbamoylcholine on pancreatic secretion was quite prompt. It is interesting to observe the similarity of our curve to the one obtained by Askonas, Campbell & Work (1954) for the incorporation of methionine into goat-milk proteins.
Analysis of the radioactivity measurements of samples before and after ethanol, ether, trichloroacetic acid and water extractions showed no constant and significant difference, suggesting that practically all the radioactivity in the pancreatic juice was bound to proteins. 
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A possible source of error in the evaluation of the rate of appearance of radioactivity in the proteins of the pancreatic juice might be due to the time taken by these proteins to get from the cells to the distal end of the pancreatic duct. Inorganic phosphate is a normal component of pancreatic juice (La Barre, 1953) The appearance of radioactivity in the plasma after glycine injection is shown in Fig. 2 . The protein-bound radioactivity reaches a maximum after 4 hr. The non-protein radioactivity, however, decreases rapidly, reaching a very low level after 1 hr. and disappearing after 8 hr. throughthe pancreatic duct. Sodium [32P]phosphate (60 ,c, supplied by Abbott Laboratories) was therefore injected into three rats and the pancreatic juice collected and assayed for radioactivity as described above. In all rats injected with sodium [32P]phosphate a distinct radioactivity (300-400 counts/min.) could be observed 3 min. after the injection; the time after which the peak of 32P radioactivity was reached was approximately 1 hr.
These animals were studied for 21 hr. and a gradual decrease of this radioactivity was observed. This result suggests that no appreciable time is lost by the juice proteins to pass from the pancreatic cells to the main excretory duct. This point of view is corroborated by the results of Ball, Tucker, Solomon & Vennesland (1941) , who described the prompt appearance of intravenously injected radioactive bicarbonate in pancreatic juice.
Radioactivity of pancreatic juice after injection of radioactive plama protein8 In the three rats studied no radioactivity above background was observed in twenty-two samples of pancreatic juice collected during 6 hr.
DISCUSSION
The protein-bound radioactivity in pancreatic juice reaches its maximum about 3 hr. after the injection of [1-14C]glycine (Fig. 1) although the first injection of secretin and carbamoylcholine stimulates maximum flow of juice much earlier.
The slope of the radioactivity curve for the juice proteins gives an idea of the rate of pancreatic secretion and consequently the time necessary for the synthesis of the proteins of the pancreatic juice. It is of interest to compare these results with those obtained by other authors who studied pancreas secretion even though different methods and species were used. Hirsch (1932) described a complete restitution of secretory granules in mouse pancreas, 12-14 hr. after pilocarpine administra. tion. Secretory granules, however, appeared after about 3 hr. van Weel & Engel (1938) , Daly & Mirsky (1953) and Sesso (personal communication) obtained in pilocarpine-stimulated mice resynthesis of carboxypeptidase and amylase activity respectively 12 and 7 hr. after the injection. Mathematical calculations of Langstroth, McRae & Komarov (1939) , based on the rate of protein secretion by the dog pancreas, indicate that the time necessary for the restoration of secretory granules from a previously depleted gland would be about 3 hr.
Our results on the incorporation of glycine into plasma proteins agree with those of Friedberg, Tarver & Greenberg (1948) , and the curve of disappearance of non-protein radioactivity from blood plasma presented by us agrees with the data obtained by Miller, Bly & Bale (1954) .
The fact that no radioactivity was detected in the pancreatic juice of rats injected with radioactive plasma proteins shows that these proteins do not contribute appreciably to the formation of pancreatic-juice proteins. This conclusion is supported by the observation that after injection of labelled glycine the peak in the radioactivity of the pancreatic-juice proteins occurred before that of the plasma proteins. If plasma proteins were utilized for the synthesis of pancreatic-juice proteins, the peak in the radioactivity of the latter would be expected to occur some time after the plasma proteins had reached maximum radioactivity and would be less than that of the plasma proteins (Zilversmit, Entenman & Fishler, 1943; Hevesy, 1948) .
Although direct utilization of plasma proteins for milk-protein synthesis has been suggested by Graham, Peterson, Houchin & Turner (1937) , more recent observations by Askonas et al. (1954) do not support this view, and the present work suggests that pancreatic-juice proteins are also not synthesized directly from plasma proteins.
The almost complete absence of radioactivity in the pancreatic-juice proteins inthefirst 50min. after injection of glycine suggests that there is no appreciable interchange between free glycine and protein-bound glycine, since this would lead to an earlierappearance of radioactivity in the pancreaticjuice proteins.
The present observations thus suggest that the proteins of rat pancreatic juice are derived mainly from free amino acids. Recently Askonas et al. (1954) came to a similar conclusion about the formation of goat-milk proteins. SUMMARY 1. Rats were injected with [1-14C]glycine or with radioactive plasma proteins, and the appearance of radioactivity in the pancreatic juice proteins was followed.
2. Maximum radioactivity was observed 21 hr.
after the injection of [14C]glycine.
3. No appreciable radioactivity was observed in the first 50 min. after the glycine injection.
4. The appearance of protein-bound and nonprotein radioactivity in the plasma of animals injected with glycine was also followed.
5. No radioactivity could be detected in the pancreatic juice of animals injected with radioactive plasma proteins.
